Introduction
Infusion filters ensure the purity of an intravenous solution. Intravenous therapy is the infusion of liquid substances like NaCl 0.9% or G5% into a vein to replace liquid, correct electrolyte imbalances or to deliver medicine. These solutions can be contaminated with microorganisms, particles, undissolved drugs or air bubbles which have to be removed, because of their danger to health. Infusion filters remove these risks using ultraand microfiltration membranes. [1, 2] Figure 1: infusion filter RPM [3] Existing integrity monitoring tests for filtering devices are divided into destructive and non-destructive and direct or indirect methods. Direct methods provide instantaneous information about oversized pores or defects in a membrane system. Indirect methods rely on monitoring a surrogate parameter such as turbidity.
[4] The direct test method which is typically used by producers of infusion filters is the bubble point test which is non-destructive but contaminates the medical device. For this reason these devices cannot be reused for clinical use and leads to a control by random sample. A non-destructive and non-contaminating 100% quality control will be developed. Therefore the flow behaviour of liquid and gas in the infusion filters is investigated. The behaviour of air and gas is represented by the characteristic pressure loss. The experiments are performed under low flow velocities to ensure incompressibility. The experimental results show a need for a high accuracy experimental setup, both actuators and sensors. The turbulence behaviour of both fluids is compared using the Reynolds Number (eq. 1).
Methods

Analytic
The Bernoulli equation for a steady flow of an incompressible fluid with constant density is used to calculate the levels of the static and dynamic pressure. The flow behaviour of the infusion filter is described by its characteristic pressure loss (eq. 2). This loss coefficient is not a constant. It depends on the density of the fluid and the flow velocity, which leads to an additional dependency of pressure and temperature. The characteristic pressure loss is represented as the function: ζ = f (Re). The loss coefficient cannot be described analytically, only with experimental data (pressure loss, flow volume and density).
[5] Figure 2 shows the decreasing loss coefficient by increasing flow velocity and density. The variables used in formula 1 and 2 are the flow velocity v, the inner diameter of the filter entry d, the density ρ, the dynamic viscosity , the loss coefficient and the pressure loss ploss. The experimental setup for water consists of a micro gerotor pump (mzr 7205 [6]) with adjustable revolutions per minute, a flow meter, a relative pressure transmitter and an infusion filter. The experimental setup for air consists of a pressure regulator, the same sensors for volume flow and pressure and an infusion filter. In the case of water the revolutions per minute of the pump are increased, in the case of air the inlet pressure is raised. -2013-4451 The studied infusion filters and their parameters are shown in the following table. The product spectrum includes infusion filters with three different membrane surface areas, two types of materials and two pore sizes. The experiments were carried out for the RPM type filter (table 1) .
Experimental Setup
Biomed Tech 2013; 58 (Suppl. 1) © 2013 by Walter de Gruyter · Berlin · Boston. DOI 10.1515/bmt
Results
The measuring results are shown in the following figures. 
Discussion
Two experimental setups were built to verify the characteristic pressure loss of infusion filters. For water exists a source for volume flow, for air a pressure source. A pressure source for water will be developed to make the both setups more comparable. Both setups will be equipped with a more accurate inlet pressure regulator to approach Reynolds numbers between 0 and 250. This leads to the requirements of high accuracy and resolution of the sensors. Also a temperature sensor will be integrated to measure an occurring change of temperature. The characteristic pressure loss describes the flow through the filter. It will be used to characterize different types of filters and indicate integrity of membrane and housing. Therefor the Reynolds number is calculated and describes the flow behaviour of water and air and contributes to the comparability. Further work will investigate the characteristic pressure loss of known and reproducible defects in the filtering membrane or the housing and infusion filters with different parameters like surface area, filter material and pore size (table 1) .
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